Objective: To assess if overbuilding the buccal plate or using a dual-layer socket grafting technique prevents alveolar bone resorption and enhances final ridge width, height, and volume after tooth loss in an animal model.
VBH in groups 1, 2, 3, and 4 was 4.2, 6.4, 6.2, and 7.3 mm, respectively. Ridge widths in groups 1, 2, 3, and 4 were 5. 45 ± 0.75, 5.91 ± 0.86, 6 .05 ± 0.63, and 6.28 ± 1.01 mm, respectively. There was no significant difference in BMD between the groups.
Conclusions:
The RP using a dual layer of membrane following tooth extraction results in more BV, VBH, and alveolar ridge width as compared to when a single layer of membrane is used.
Tooth extraction is a traumatic procedure that jeopardizes alveolar bone and surrounding soft tissues (Amler 1969; Araú jo & Lindhe 2005) . During the healing process, the extraction socket is initially filled with blood and by the first-week of extraction, is replaced by granulation tissue (Amler 1969) . By the 14th day of extraction, granulation tissue is replaced by connective tissue and osteoid bone starts appearing in the base of the socket. The socket gets completely filled with woven (bundle) bone by the fourth week of extraction (Amler 1969) . Buccal bone remodeling following tooth extraction has been reported (Araú jo & Lindhe 2005) ; however, recent studies have shown that extraction of multiple contiguous teeth causes are more extensive buccal bone remodeling as compared to when a single tooth is extracted (Araú jo & Lindhe 2005; Al-Askar et al. 2011; Al-Hezaimi et al. 2011; Al-Shabeeb et al. 2011) .
The use of ridge preservation protocols for the treatment of osseous defects is well established (Gapski et al. 2006; Neiva et al. 2008; Avila et al. 2010) . A novel approach has been proposed and consists of overbuilding the buccal plate with bone grafting materials (Fickl et al. 2009a,b) . The rationale behind this modification of the conventional socket grafting approach relies on the addition of extra material in the area of the ridge where bone resorption is known to be more marked (buccal and coronal), with the hope of compensating natural resorption phenomena. Two animal studies
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To cite this article: Al-Hezaimi K, Rudek I, Al-Hamdan KS, Javed F, Nooh N, Wang H-L. Efficacy of using a dual layer of membrane (dPTFE placed over collagen) for ridge preservation in fresh extraction sites: A micro-computed tomographic study in dogs. (Fickl et al. 2009a,b) volumetrically and histologically assessed the alterations of the ridge contour after socket preservation and buccal overbuilding primarily with soft tissue graft or a xenogenic bone filler. These studies (Fickl et al. 2009a,b) demonstrated that buccal overbuilding with these materials failed to prevent alterations in the alveolar ridge after tooth extraction.
Barrier membranes are widely used in alveolar ridge preservation procedures as they protect the adjacent soft tissues from cells that may impede new bone formation and may also improve the mechanical stability of the graft material (Mardas et al. 2011a,b; Vignoletti et al. 2012) . Traditionally, collagen membranes are employed for ridge preservation protocols due to their hemostatic, chemostatic, and cell adhesive characteristics (Mardas et al. 2011a,b; Vignoletti et al. 2012 ); however, their fast resorption rate following exposure to the oral environment and requirement of primary closure over the socket (that may increase surgical complexity) have raised concerns over their usage. In this regard, high-density polytetrafluoroethylene (dPTFE) membranes were introduced which do not require primary closure. The smooth surface of dPTFE membranes and their small pore size (0.2 lm) eases their removal, without the need for supplementary surgical procedures and prevents bacterial leakage into the tissues thereby facilitating bone preservation procedures (Bartee 1995; Bartee & Carr 1995; Barber et al. 2009; Waasdorp & Feldman 2011; Yun et al. 2011) . However, a limitation of dPTFE is that the material has poor tissue adhesive properties which may sequentially jeopardize bone regeneration occurring underneath the membrane (Park et al. 2009 ).
The present study utilized a canine model to test the hypothesis that using collagen and dPTFE membrane as a "dual layer" surmounts their individualistic disadvantages thereby enhancing ridge preservation (RP) procedures around osseous defects. The aim of this experiment was to evaluate the effect of using a dual-layer membrane (dPTFE placed over collagen) for RP in fresh extraction sockets.
Materials and methods

Ethical guidelines
The research ethics review committee at the Engineer Abdullah Bugshan Research Chair for Growth Factors and Bone Regeneration, 3D Imaging and Biomechanical Lab., College of Applied Medical Sciences, Riyadh, Saudi Arabia, approved the study.
Study animals
Eight healthy female beagle dogs with a mean age and weight of 24 ± 0.83 months and 13.8 ± 0.49 kilograms (kg), respectively, were used. The animals were kept in individual cages and vaccinated against hepatitis and rabies.
The non-surgical and surgical procedures were performed under general anesthesia using ketamine (10 milligrams [mg]/kg body weight) (Pfizer Limited, Kent, UK) and local anesthesia with xylocaine (with epinephrine 5 mg/ml) (AstraZeneca LP for DENTSPLY Pharmaceutical, York, PA, USA). The dogs were kept in individual cages and on a soft diet throughout the study.
Preoperative management
One week before tooth extraction, all dogs underwent supragingival scaling using an ultrasonic scaler (NSK, Westborough, MA, USA). Intra-muscular (IM) injections of amoxicillin (25 mg/kg body weight) (Betamox LA; Norbrook Laboratory Limited, Newry, County Down, Northern Ireland) were administered at the day of surgery. The animals were draped and the surgical site was swabbed with an antiseptic solution (The Purdue Fredrick Company, Stamford, CT, USA).
Root canal treatment and tooth extractions
Under general anesthesia (Pfizer Limited) with adjunct buccal infiltration (AstraZeneca LP for DENTSPLY Pharmaceutical), non-surgical root canal treatment (RCT) was performed on bilateral mandibular second, third, and fourth premolars (P2, P3, and P4, respectively). Access cavity was prepared with a No. 2 size round tungsten bur (Brassler, Savannah, GA, USA) mounted on a highspeed hand piece (Dentsply, York, PA, USA). The root-canals were prepared with rotary files (Profile; Dentsply, Addlestone, UK) following initial instrumentation with K-type (JS Dental, Ridgefield, CT, USA) hand files. The root-canals were irrigated with 5.25% sodium hypochlorite and obturated with vertically condensed gutta percha and sealer (Pulp Canal Sealer EWT; SybronEndo, Orange, CA, USA). Peri-apical radiographs were taken to confirm accuracy of the RCT.
Eight weeks after RCT, bilateral mandibular first premolars (P1) were extracted atraumatically. Bilateral mandibular P2, P3, and P4 were hemisected using piezosurgery (Piezosurgery ® ; Mectron, Columbus, OH, USA) and the distal roots were atraumatically extracted using forceps. The distal alveolus was currettaged to stimulate bleeding and eliminate remnants of the periodontal ligaments.
Animal grouping
Each tooth was randomly assigned to one of the four treatment groups by picking a paper marked either "Group1", "Group 2", "Group 3", or "Group 4" from a brown bag. 
Postoperative management and euthanasia
All subjects received IM injections of amoxicillin (5 mg/kg body weight once a day for 3 days) (Betamox LA, Norbrook Laboratory Limited); Plaque control procedures, which included topical application of a 0.2% chlorhexidine digluconate solution (GUM, Chicago, IL, USA) were performed twice a week for 4 months after surgery. After 2 weeks, the sutures were removed and periapical radiographs were also taken to assess the relationship of the implants with the adjacent vital structures. IM antibiotics (Betamox LA, Norbrook Laboratory Limited) were continued for 3 days after surgery as 25-50 mg/kg IM every 8 h.
The subjects were sacrificed after 4 months with an overdose of 3% sodium pentobarbitol (Vortech Pharmaceuticals Limited, Dearborn, MI, USA).
Jaw sectioning and micro-computed tomography analysis
The jaw segments containing the extraction sockets were removed en block using an electric saw (SP 1600; Leica, Bannockburn, IL, USA); and fixed in 10% neutral formalin solution. A three-dimensional analysis of the jaw samples was performed via a micro-computed tomography (micro-CT) scanner (SkyScan 1172, CT-Analyser, Version 1.11.4.2+; Kontich, Belgium) . The x-ray generator of the micro-CT was operated at an accelerated potential of 101 kV with a beam current of 96 lA using an aluminum filter with a resolution of 37.41 lm pixels.
Volumetric measurements (bone volume [BV] , bone mineral density [BMD] , alveolar ridge width (buccolingual thickness) of the alveolar ridge and vertical bone height [VBH]) were performed following the selection of a three-dimensional region of interest on the micro-CT scans (SkyScan 1172, CT-Analyser, Version 1.11.4.2+). The VBH was determined by measuring the linear distance from the center of the crest till the most apical region of the socket.
Statistical analysis
Statistical analysis was performed using statistical software (SPSS, Version 18.00; Chicago, IL, USA). Differences between the BV, bone mineral density, alveolar ridge width and VBH between the groups were assessed using one-way analysis of variance (ANO-VA). For multiple comparisons, Bonferroni post hoc test was performed. P-values less than 0.05 were considered statistically significant.
Results
Alveolar ridge width
Alveolar ridge width (at 2 mm thickness) in groups 1, 2, 3, and 4 were 5.45 ± 0.75, 5.91 ± 0.86, 6.05 ± 0.63, and 6.28 ± 1.01 mm, respectively. The mean width of the alveolar ridge in Group 1 and Group 4 was 5.45 ± 0.75 and 6.28 ± 1.01 mm, respectively (P = 0.03). There were no significant differences in the alveolar ridge widths between groups 1, 2, and 3 ( Fig. 2A.1-6 ).
The median and range for alveolar ridge width (up to the 4 mm thickness) is shown in Table 1 . 
Bone volume
The mean BV in groups 1, 2, 3, and 4 was 188. , respectively, as shown in Table 2 . Osseous defects in Group 4 showed significantly higher buccal bone volumes as compared with in Group 1 and Group 2 (P = 0.0001). The BV in Group 3 was significantly higher as compared to defects in Group 1 (P = 0.03) (Fig. 2B.1-4) . The median BV for groups 1, 2, 3, and 4 is shown in Table 3 .
Bone mineral density and vertical bone height
There was no significant difference in the mean BMD between groups 1, 2, 3, and 4 as shown in Table 2 . The median BMD in groups 1, 2, 3, and 4 is shown in Table 3 .
The mean VBH in groups 1, 2, 3, and 4 was 4.18 ± 0.43, 6.33 ± 0.81, 6.62 ± 1.08, and 7.68 ± 1.53 mm, respectively. The VBH was highest among sites in Group 4 as compared with sockets in Group 1 (P = 0.0001), Group 2 (P = 0.0001), and Group-3 (P = 0.03) as shown in Table 2 . The median BMD and VBH is shown in Table 3 .
Discussion
The present results showed that using a dual layer of membrane (dPTFE placed over collagen membrane) was effective in RP in contrast to when regenerative protocols were performed using either a single membrane or without a barrier membrane. These results may be explained by the fact that the perks of collagen membranes (that exhibit optimal behavior toward soft-tissue responses) and dPTFE membrane (possessing optimal durability and antimicrobial effects) when used as a "dual layer" are summed up thereby promoting new bone formation as compared with when each membrane type is used alone (Fickl et al. 2009a; Annen et al. 2011) . It may also be postulated that placement of an dPTFE membrane over collagen further stabilizes the graft at the defect site thereby augmenting new bone formation. In a recent case series, Yun et al. (2011) investigated the effect of using a dual layer of membrane (dPTFE placed over collagen membrane) on RP around immediate implants using scanning electron microscopy (SEM). In both cases, clinical and radiological results showed ample amount of new bone formation around the immediate implants (Yun et al. 2011) . Moreover, the SEM results showed significantly lower bacterial count on the inner aspect of the dPTFE membrane as compared with the outer surface (Yun et al. 2011) . This suggests that the dPTFE membrane provides a reasonably microbe-free environment to the underlying collagen membrane thereby facilitating its chemostatic and cell adhesive properties. The present micro-CT results are in accordance with the SEM results by Yun et al. (2011) since BV, thickness of alveolar ridge, and VBH were significantly higher in sockets covered with a dual-layer membrane (dPTFE placed over collagen) as compared with those covered merely with a single membrane. A reasonably microbe-free environment may also promote healing under the collagen membrane and promote new bone formation. However, further studies are warranted to identify the microbial specie that are associated with extraction sockets covered with a dual-layer membrane as compared with those covered merely with a single layer of membrane.
Different bone grafting materials with varying densities have been used in RP procedures (Thaller et al. 1993; Gomes et al. 2006; Scarano et al. 2006) . It may therefore be argued that besides the type of barrier membrane, BMD of the bone graft material used may also influence bone formation. To overcome this confounding factor, we used a standard bone allograft in all extraction sockets in the present experiment. It is notable that there were no significant differences among the groups in terms of BMD. This parameter further confirms our hypothesis that a dual layer of membrane (dPTFE placed over collagen) significantly contributes in RP as compared with when a single layer of barrier membrane is used. 4.18 ± 0.43 § 6.33 ± 0.81 6.62 ± 1.08 7.68 ± 1.53 § † ‡ * P < 0.001; † P < 0.001; ‡ P < 0.05; § P < 0.001. A limitation of the present experiment is that socket walls in all groups were intact. Therefore, it may be pondered that presence of an osseous defect or a pathological lesion within or around the extraction socket may hamper new bone formation regardless of whether RP procedures were performed utilizing a single or dual layer of membrane. It is hypothesized that overbuilding of buccal plate with excess bone graft material assists in new bone formation. The present results support this hypothesis to an extent as sites with overfilled buccal plates and covered with dPTFE membrane (Group 3) showed significantly more bone formation as compared with sites in the control group (Group 1). However, it is noteworthy that sites with allograft covered with a dual layer of membrane (Group 4) displayed significantly higher BV, VBH, and ridge thickness as compared with sockets in Group 3. This suggests that placement of a dual layer of membrane over bone graft yields more promising results in terms of RP as compared with when excessive graft material is used and covered with a single membrane. The Fickl studies (Fickl et al. 2009a,b) also showed that overbuilding the buccal process of alveolar bone with excess graft material is an ineffective technique for RP. The present study supports the results by Fickl (Fickl et al. 2009a,b) ; nevertheless, should buccal overbuilding with excess graft material and using a dual layer of membrane support alveolar RP at compromised sites (such as extraction sockets with a critical size defect) necessitates further investigations. Studies on humans have shown that systemic disease (such as poorly controlled diabetes mellitus and acquired immune deficiency syndrome) and tobacco habits (such as cigarette smoking) jeopardize periodontal health and may also negatively influence the outcome of periodontal therapy (Javed et al. 2007 Al-Hezaimi et al. 2012) . It is tempting to speculate that the efficacy of novel RP techniques (such as those described in the present study) may be compromised in immunocompromised individuals and habitual tobacco-users. However, further studies are warranted in this regard.
Within the limits of the present investigation, it is concluded that RP using a dual layer of membrane following tooth extraction results in more BV, VBH, and alveolar ridge width as compared with when a single layer of membrane is used.
